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This  final report  contains a synopsis of the vibration and 
acoustic data obtained f r o m  the s ta t ic  tes t s  of Saturn vehicle S-1-10. 
The data i s  presented in t e r m s  of acceleration versus  frequency, 
sound p res su re  level versus  frequency, and s ta t is t ical  profiles. 
These presentations establish the s ta t is t ical  deviation of abnormal  
environmental  pa rame te r s  measured during s ta t ic  testing. 
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FOREWORD 
This repor t  was prepared by Chrys le r  Corporation Space 
Division, Huntsville Operations,  Structures  Branch of the Structures  
and Mechanics Engineering Department,  for the George C. Marshal l  
Space Flight Center,  Propulsion and Vehicle Engineering Laboratory,  
Structures  Division, Vibration and Acoustics Branch, under Contract 
NAS8-4016, Mod. 80,  Task  Assignment 20 .  
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Telemetered Data 
t 
MEAS. MEASUREMENT MEAS. LOC. REDUCED DATA 
1\?T_T!.B E R  DESCRIPTION FIG. NO. FIG. NO - 
E l l - 2  Thrus t  Chamber 
Dome, Lat. 
A- 1 
E l l - 4  Thrust  Chamber A- 1 
Dome, Lat. 
E l l - 6  











Thrus t  Chamber A- 1 
Dome, .Lat. 
Thrust  Chamber 
Dome, Lat. 
A- 1 
Turbine Gear  Box, Lat. A- 1 
Turbine .Gear Box, Lat. A- 1 
Turbine Gear  Box, Lat. A- 1 
Turbine Gear  Box, Lat. A- 1 
Turbine Gear  Box, Lat. A- 1 
Turbine Gear  Box, Lat. A- 1 
Turbine Gear  Box, Lat. A - 1  
Turbine Gear  Box, Lat. A- 1 
Thrus t  Chamber Dome, A- 1 
Long't 
Thrust Chamber Dome, A- 1 
















Telemeter  ed Data (Continued) 
MEAS, MEASUREMENT MEAS. LOC. REDUCED DATA 
NUMBER DESCRIPTION FIG. NO. FIG. NO. 
E33-5 Thrus t  Chamber A- 1 
Dome, Long't 
E33-7 Thrus t  'Chamber A- 1 
Dome, Long't 
E105-11 Spider Beam,  Long't A.-2 
E107-11 Spider Beam,  Yaw A-2  
E135-9 Thrus t  Beam,  Long't  A-3  
E136-9 Shear  Beam, Long't A-3 
E139-9 Shear  Beam, Top, A.- 5 
Long't  
E140 - 9 Shear  Beam, Top, A.- 5 
P e r p .  
E270-9 Mounting Bracket ,  A-6 
Dist. 9A.3, Pe rp .  

















MEAS. MEASUREMENT MEAS. LOC. REDUCED DATA 

















Emergency Rec. , 
Long't 
Turbine Gear Box 
( F u e l  Side) , Lat. 
Turbine Gear  Box 
(LOX Side), Lat. 
Thrust  Beam, Long't 
Thrust  Beam,  Perp.  
Thrust  Beam,  Lat. 
Shear Panel,  Long't 
Shear  Panel,  Perp .  
Shear Panel,  Lat. 
Thrust  Beam, Long't 
Thrus t  Beam, Perp.  
Thrust  Beam, Lat. 
Shear  Panel,  Long't 
Shear  Panel,  Pe rp .  
Shear  Panel,  Lat. 
Upper Bulkhead F-3, 
Perp .  to Surface 
A- 1 
A- i 































Hardwire  Data (Continued) 
MEAS. MEASUREMENT MEAS. LOC. REDUCED DATA 













Upper Bulkhead F-3 ,  
Pe rp .  to Surface 
Upper Bulkhead F-3 ,  
Parallel to Surface 
Upper Bulkhead F - 3  
Parallel to  Surface 
Upper Bulkhead F - 4  
Pe rp .  to Surface 
Upper Bulkhead F-4 ,  
Pe rp .  to Surface 
Upper Bulkhead F -4 ,  
Pa ra l l e l  to Surface 
Upper Bulkhead F-4 ,  
Parallel to Surface 
Lower Bulkhead F - 3  
Pe rp .  to Surface 
Lower Bulkhead F -3  
Perp .  to Surface 
Lower Bulkhead F -3 ,  
Parallel to Surface 
Lower Bulkhead F-3,  
Long't to Sump 
Lower Bulkhead F-3 ,  










A -  10 
A-  10 















Hardwire Data  (Continued) 
MEAS. MEASUREMENT MEAS. LOC. REDUCED DATA 
NUMBER DESCRIPTION FIG. NO. FIG. NO. 
84.009-4 Lower Bulkhead F-3,  A- 10 B- 55 
Long't to Sump 
84.Ouii Shroud, Perp .  A - i l  B-57, iiii 


















Skin F-1, Perp .  
Spider Beam, Pitch 
Spider Beam, Y a w  
Spider Beam, Long't 
Lower Bulkhead F-4, 
Perp .  to Sump 
84.0026-4 Skin F-4,  Perp .  to 
Tank Skin 
A-11 B-60,106 
84.0027-4 Skin F-4,  Perp .  to 
Tank Skin 
A-11 B-61, 107 
84.999 GOX Flow Control Valve 
Perp .  to Flow 
A-14 B- 38 
84.9991 GOX Flow Control Valve, 




Heat Shield Panel  A-12 
A-12 
B- 62 
B-63 Heat Shield Panel  y 
Hardwire  Data (Continued) 
MEAS, MEASUREMENT MEAS. LOC. REDUCED DATA 

















Heat Shield Panel  
F -2  Instrument  
Compartment 
F- 2 Instrument  
Compartment 
F-2  Instrument  
Compartment 
Instrument Panel  F- 2 
Instrument Panel  F - 2  
Instrument Panel  F -2  
F-1 Aft Skir t ,  Long't  
F - 1  A f t  Skir t ,  Perp .  
F-1 Aft Skir t ,  Lat.  
F- 1 A f t ,  Skirt ,  Long't 
F-1 A f t  Skir t ,  Pe rp .  
F-1 Aft Skir t  





































TECHNICAL MEMORANDUM X-53377 
SATURN S-1-10 STATIC TEST VIBRATION AND ACOUSTIC DATA 
SUMMARY 
The data obtained during the s ta t ic  testing of the S-1-10 vehicle 
indicated that all functional systems performed satisfactorily. 
g e ~ e ' r d ,  the resp~nse character is t ics  of the S-1-10 struci ure  were  
normal  for  the static tes t  condition, and no s t ruc tura l  degradation was 
indicated. A discussion of anomalies in the s t ruc tura l  response is 
presented where applicable. 
In 
Telemetry measurements  on the thrust  chamber domes were  
This problem has existed for  the s ta t ic  tes t s  of 
inconsistent with measurements  using the hardwire  sys tem and a r e  
considered invalid. 
previous vehicles and studies a r e  being made to determine the cause 
of the inconsistency. However, the resul ts  have been inconclusive 
thus far. 
The hardwire vibration measurement a t  station 152, on the 
shroud skin was deleted for  tes t  SA1024. 
bonding of the t ransducer  to the s t ructure  on s ta t ic  tes t s  S-1-9, S-1-8, 
and S-1-10 has  provided l i t t le usable data. 
The repeated failure of the 
The telemetered internal acoustic measurement  a t  station 171 , 
on the thrust  s t ructure  was invalid due to t ransients  in the data. No 
hardwire  acoustic measurements  were made during these tes ts .  
SECTION I. INTRODUCTION 
The objectives of this repor t  a r e  to  (1) provide a concise 
reference of vibration and acoustic data obtained during the s ta t ic  tests 
of the S-1-10 vehicle, and (2) to  evaluate and. interpret  the reduced 
data,  emphasizing abnormalit ies in the s t ruc tura l  responses  and the 
vibration and acoustic environment. 
The Saturn S-1-10 stage was s ta t ic  tested on September 24, 
1964 (Tes t  Run SA1023) for a duration of 35.08 sec.  , and on October '6, 
1964 (Tes t  Run SA1024) fo r  a duration of 149. 93 sec.  
sented in this report  were taken from the resul ts  of run SA1024 unless 
o the rwi s e indicated. 
The data pre-  
. 
The locations of applicable hardwire  and te lemetered  vibration 
and acoustic measurements  a r e  provided in Appendix A.  
p resents  the following definitions and information on the reduced data: 
Appendix B 
a. Definition of s ta t is t ical  p a r a m e t e r s  
b. Basic s ta t is t ical  p a r a m e t e r s  by measurement  
c. Acceleration power spec t ra l  density plots 
d. Acceleration amplitude ve r sus  frequency plots 
(10 cps bandwidth) 
e. P r e s s u r e  spec t rum level plots 
f .  Predominant frequency ve r sus  r m s  accelerat ion 
amplitude 
g. Measurement var iance analysis  plots 
A statist ical  definition of the vibration environment is provided 
in t e r m s  of mean value,  s tandard deviation, kurtosis ,  chi- square ,  and 
skewness for  each measurement .  
define the degree of randomness,  or periodicity, of the s t ruc tura l  
response.  
of i ts  application to data evaluation. 
These pa rame te r s  a r e  used to 
The meaning of each s ta t is t ical  pa rame te r  is given in t e r m s  
The vibratory response of each s t ruc tura l  location is descr ibed 
in  t e r m s  of accelerat ion spec t ra l  density (G2/cps)  as a function of 
frequency (cps),  or 10  cps bandwidth r m s  acce lera t ion  (Grms)  a s  a 
function of frequency. 
of p re s su re  spec t rum level (PSL) in dB, re ferenced  to a p r e s s u r e  of 
frequencies a r e  tabulated in descending o rde r  of the corresponding r m s  
accelerat ion (Grms) amplitudes. 
The acoustic environment is descr ibed in t e r m s  
2 x 10-5N/m 2 , a s  a function of frequency. The ten most  predominant 
The measurement  analysis compares  each cur ren t  measurement  
spec t rum (heavy s t a r r e d  line) with the normal  or  mean s p e c t r a  
established f r o m  the same measurement  on previous tes ts .  
envelopes besides  the mean a r e  presented. 
the degree of variance between the SA1024 data and the 8 7 .  5 percent  
and 95 percent confidence levels of previous data. 
an  example. ) Measurement  analysis plots a r e  shown in FIG.  B-1 
through B- 107. 
Two other 
These envelopes establish 
(See FIG. B-1 for  
2 
Appendix C includes (1) a block diagram of the data acquisition 
and reduction sys tems,  (2) a table for comparison of composite r m s  
vibration amplitudes , and (3) static tes t  measurement  discrepancies in 
tabular  form. 
A. Hardwire 
The instrumentation system for  the acquisition of the 
hardwire  vibration and acoustic data included a t ransducer ,  cathode 
follower,  coaxial cable, amplifier,  and tape recorder .  
The acce lerometers  used in the hardwire  instrumentation 
s y s t e m  of the Saturn S-1-10 vehicle were  a s  follows: 
FUNDAMENTAL RESONANT 
TYPE MODEL FREQUENCY (cps) 
Cubic 2A507 above 5000 . 
Cubic 3A509 5000 
Statham A6-15-350 150 . 
G1 e nni te A45U above 5000 
The hardwire  instrumentation sys t em provided a reasonably 
f la t  frequency response over the range f rom 0 to 5000 cps,  a s  required,  
except for  the low frequency (Statham) accelerometers .  
The instrumentation and calibration ranges used at  each 
measurement  location a r e  presented in Table IV-a. 
B. Telernetered 
The instrumentation systems fo r  the acquisition of the 
te lemetered vibration and acoustic data included a t ransducer ,  cathode 
follower , multiplexer,  SSB/FM telemetry t ransmi t te r  and rece iver ,  
amplifier,  and tape recorder .  
The t ransducers  used in the te lemet ry  instrumentation sys t em 




TYPE MODEL F R E Q U E N C Y  (cps) 
Gulton TA 5 0 1UA Above 5000 
Glennite AT1289 Above 5000 
Gulton MA 2 995 0 1 Above 5000 
The systems provided a reasonably flat  response over the range 
f r o m  100 to 2500 cps,  a s  required.  
The instrumentation and calibration ranges used at each measure-  
ment location a r e  presented in Table IV-b. 
C. Data Reduction * 
One sys tem for  the data reduction of hardwire  vibration 
and acoustic data included a tape loop t ranspor t ,  narrowband swept 
f i l ter  (nominal bandwidth of 1 0  cps) , spec t rum wave analyzer , and 
plotter,  The amplitude (Grms)  ve r sus  frequency plots were  obtained 
with a spectrum wave analyzer employing a 10-cps narrow bandwidth 
f i l t e r  swept a t  the ra te  of 1. 8 c p s / s e c  and with an averaging t ime 
constant of 2. 5 sec.  
Another sys t em consisted of an analog-to-digital (a-to-d) 
converter ,  tape recorder  , digital computer , and plotter.  
The sys tem used for  the data reduction of the te lemetered 
vibration and acoustic data consisted of a demultiplexer , tape recorder ,  
a-to-d converter , digital computer,  and plotter.  The demultiplexer 
comprised a discr iminator  that contained variable bandpass and low- 
pass  f i l t e rs .  
sys tems described above a r e  given in Table I (Appendix C). 
Block diagrams of the data acquisition and data reduction 
SECTION 111. VIBRATION DATA 
A total of 55 hardwire and 24 te lemetered high frequency 
vibration measurements  were  taken during S-1-10 s ta t ic  tests.  
Additional low frequency vibration measurements  were  made 
through the telemetry system. However, these t ransducers  were  used to 
f 
c 
define bending modes and a r e  not included in this 'report .  
A. Engine Domes 
c 
Hardwire measurements:  81.041-1 through 81.041-8 
Telerr-etered 2 Z . G S - i i T C i i i e i i t s ;  E 3 3 - I ,  2 3 3 - 3 ,  E33-5,  
E33-7, Ell-2,  E l l - 4 ,  
E l l - 6 ,  E l l - 8  
S t r  uc tur  a1 response : 
Thrus t  chamber dome response,  obtained f r o m  
hardwire  measurements ,  was consistent with previous hardwire  data 
and indicated normal  engine performance. 
A nomalie s : 
The past  history of the longitudinal measurements  
(E33-1, E33-3, E33-5, E33-7) of the vibration of the combustion 
chamber  domes has shown discrepancies between te lemetered and 
hardwire  data. 
have consistently been two to  four t imes grea te r  than those measured  
by the hardwire  system. An examination of the two sys tems indicates 
that the te lemetry data f rom these measurements  a r e  invalid. 
The amplitudes measured by the telemetry sys tem 
Two of the l a t e ra l  measurements  ( E l l - 2 ,  E l l - 4 )  exhibited 
abnormally high amplitudes and are  considered invalid. Also, t ran-  
s ien ts  were  noted in three of the measurements  ( E l l - 4 ,  E33-3, 
E33-7). 
in  t e s t  SA1024 because measurements  were  invalid after 5. 5 sec. 
This was the resul t  of a defective transducer connecting cable. 
No data were  obtained from hardwire  measurement  81.041-5 
B. Engine Gear  Case (Turbopumps) 
Hardwire measurements:  82.03A1 through 82.03A-8 
82.03D-1 through 82.03D-8 
Telemetered measurements:  E12-1 through E12-8 
Structural  response: Normal 
The spectra  of the engine gear  box vibration were 
character ized by high amplitudes at d iscre te  frequencies. In some 
5 
t 
instances the amplitudes exceeded the accepted no rm;  however, no 
degradation was indicated by these data. 
A nomalie s : None 
NOTE: 
1. The le t te r  "A" denotes hardwire  measurements  
on the fuel s ide of the g e a r  case; the le t te r  "D" m easurements  were  
made on the LOX side of the gear  case.  
2.  The te lemetered vibration measurements  on 
engines one, two, three,  and four were repetitions of previous 
fir ings.  The measurements  on engines five,  s ix ,  seven, and eight 
were  made f o r  the f i r s t  t ime on tes t s  SA1023 and SA1024. 
the variance plots represent  a comparison of these two firings only. 
Therefore ,  
C. Fuel Interconnect Line 
Hardwire measurements:  84.007-3, 84.008-3, 
84.009-4, 84.0024-4 
T eleme te red measurements  : None 
Structural  response: 
The response of the fuel interconnect line was 
characterist ically low ampLitude. 
A nomalie s : 
The data  were  affected by electr ical  noise,  
particularly near  60 cps. 
D. Shear Beam/Panels  
Hardwire measurements:  
Telemetered measurements:  E135-9, E139-9, Elh0-9  
Structural  r e  spons e : 
81. 300 through 81. 311 
Normal 
The response pat terns  of the shea r  beam and 
panels were consistent with those observed during previous fir ings.  
The unbraced panels exhibited significant response approximately 
eve ry  100 cps below 1 kc. 
charac te r ized  b y  lower response amplitudes. 
The vibration of the stiffened panel was 
Anomalie s : None 
E. Shroud Panel  
Hardwire  measurements:  84.0011, 84.0012, 84.0013 
T eleme te red  me as urements : None 
Structural  r e  spons e: Nor mal 
Anomalies: 
Measurement 84.0013 was lost  in tes t  SA1023 and 
This measu re -  all previous s ta t ic  fir ings due to ineffective bonding. 
ment was deleted f r o m  tes t  SA1024. 
F. Fuel  Tank Skin 
Hardwire measurements:  84.0014, 84,0026-, -. - 84.0027 
T eleme te r e d me as ur e me nt s : None 
Structural  r e  s pons e : Nor mal  
The vibration level a t  the upper measurement  
This  was attr ibuted to the propellant level in the tank 
location was considerably grea te r  than at  the two lower measurement  
locations. 
being below the upper measurement  location during the t ime analyzed. 
A nomalie s : 
Measurement  84.0027 was not available in tes t  
SA1024 due to ineffective bonding of the t ransducer  to the s t ructure .  
G. Fue l  Tank Upper Bulkheads 
Hardwire measurements:  84.001 through 84.004 
84. OOlA through 84.004A 
T eleme te red  measurements  : None 
7 
Structural  response : Normal 
The vibratory response of the upper bulkheads 
was highest in the frequency range of 250 to 1 ,  500 cps. 
character is t ic  response a t  2 kc was a l so  present  fo r  the SA-10 tes t  
firings. 
approximately one-third the mainstage level after engine cutoff. 
This phenomenon was attributed to fuel  tank venting after cutoff. 
The 
The vibration levels of fuel  tanks F - 3  and F - 4  pers i s ted  a t  
A nomalie s : None 
NOTE: 
1 .  Measurements 84.001 through 84.004 were  
made with low frequency t ransducers  providing data below 100 cps. 
The measurements  with the"A" notation provided i n f o r m  tion to 5 kc. 
H. Fuel Tank Lower Bulkheads 
Hardwire measurements:  84.005, 84.005A, 84.006A 
Telemeter  ed measurements  : None 
Structural  response: Normal 
Anomalies: None 
NOTES: 
1. Measurement 84. 005 was made with a low 
frequency transducer providing information below 100 cps. 
2. The vibration response amplitude increased 
a s  the fuel in the tank was depleted. 
I. Distributor 9A3 
Hardwire measurements:  None 
Telemetered -measurement: E270-9 
4 
Structural  response : Normal 




1. Although the description of this measurement  
is given as "Distributor 9A3 Mounting Bracket,  " the t ransducer  was 
mounted on the Z-r ing in the aft sk i r t  of fuel tank No, 1 adjacent to 
the mounting bracket.  
J. Spider Beam 
Hardwire measurements:  84. 0015, 84.0016, 84. 0017 
Telemetered measurements:  E105-11, E107-11 
Structural  response: Normal 
Anomalies: 
Measurement 84. 0017 provided questionable data 
throughout most  of both tests.  
t ime presented were  considered to be valid. 
However, the data  during the s l ice  
K. Heat Shield Panels  (S-IB) 
Hardwire measurements:  83. 32, 86. 33, 86.34 
T elemetered measurements  : None 
Structural  response : 
These vibration measurements  were  made on. 
S-IB-type honeycomb heat  shield panels. Since measurements  were  
not made on this s t ructure  previously, an evaluation of the response 
character is t ics  by direct  comparison was not possible. The response 
of the s t ructure  was character ized by a relatively flat spec t rum above 
500 cps and a predominant response of approximately 130 cps. 
Anomalies : None 
L. F-2 Instrument  Compartment 
Hardwire measurements:  88.011, 88.012, 88.013 
88. 014,. 88. 015, 88.016 
Telemetered  measurements  : None 
9 
. "  . 
Structural  response: Normal 
The measurements  in the F - 2  instrument  compart-  
ment were not made during the previous s ta t ic  tes t s .  The composite 
vibration levels of measurements  88.011 through 88. 013, mounted on 
the power distributor 12A25, were approximately 1 Grms.  The levels 
on the instrument compartment skin were  near ly  3 Grms.  The p re -  
dominant response of the power distributor was 25 cps;  however, this 
is near  the l ow end of the range over which the frequency can be 
analyzed and is not considered valid: The predominant response of 
the skin occurred at frequencies of 500 and 2000 cps. 
A nomalie s : 
The frequency response at  25 cps for  measurements  
88.011, 88. 012, and 88.013 was near  the lower l imit  of the l inear  
response of the instrumentation sys t em and was considered invalid. 
M. F-1  Aft  Skirt  
Hardwire measurements:  89. 601, 89. 602,  89. 603, 
89. 604, 89. 605,  89. 606, 
89. 607 
T eleme te red  measurements  : None 
S t r uc tur  a1 r e s  pons e : Nor mal 
The vibration response on and adjacent to the 
voltage regulator 40620002 was measured  in both tes ts  SA1023 and 
SA1024. 
include measurements  at these locations; therefore ,  direct  
comparisons were not possible. 
voltage regulator was grea tes t  (5 Grms)perpendicular  to the 
mounting surface.  
was 100 cps. 
regulator was 8 Grms.  
The instrumentation on previous s ta t ic  fir ings did not 
The vibration response of the 
The predominant frequency in all three planes 
The vibration of the tank skin adjacent to the voltage 
A nomalie s : None 
10 
. 
SECTION IV. ACOUSTIC DATA 
All  hardwire acoustic measurements and all but one telemetered 
acoustic measurement were deleted from the S-1-10 static tests. 
Hardwire measurements: None 
Telemetered measurement: L28-9 
Acoustic environment: 
The internal acoustic environment was invalid. 
A nomalie s : 
The internal acoustic environment was considered 





Telemetered Measurements  - --  - - -  - - -  - - Figures  A-1 through A-6 
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DEFINITIONS AND REDUCED DATA 
Definitions 
Telemetered Measurements 
1. Vibration -- - ---- - Figures  B-1 through B-23 
2. Acoustic ------------- Figures  B-24 
Hardwire  Measurements 











A curve obtained by plotting the 
number of occurrences of a cer ta in  
amplitude ve r sus  the probability. The 
Gaussian,  o r  "normal" curve,  has  a 
bell shape  appearance with the highest 
probability near  the mean value. 




A measure  of the location of ampli- 
tudes in a distribution. The mean is 
found by summing the values of the 
individual amplitudes in the d is t r i -  
bution and dividing by their  number. 
The mean of a Gaussian distribution 
is equal to the median value. 
s t ruc tura l  vibration, the mean value 
is zero. 
F o r  
The root-mean-square value of the 
amplitude in a distribution. 
in this report ,  s tandard deviation is 
equal to the composite G r m s  level 
for  a given t ime slice.  
A s  used 
A stat is t ical  property of an amplitude 
distribution which is a measure  of the 
width of the peak of the bell shape 
curve a t  the mean value and a measu re  
of the width of the mouth of the curve. 
A kurtosis coefficient equal to three 
is associated with a Gaussian o r  
"normal distribution. I '  
A property of a distribution which i s  
a measure  of the deviation of the 
curve f r o m  the mean value. In a 
symmetr ica l  distribution (Gaussian 
distribution) the mean and m'edian 
a r e  equal and the skewness coeffi- 
cient tends to ze ro .  
DEFINITIONS (continued) 
6. Chi-square A stat is t ical  parameter  obtained by 
summing the squares  of (k) independ- 
ent random variables  (s ta t is t ical  
ranges f rom ze ro  to infinity and is 
a measu re  of the degree of co r re -  
lation between the given amplitude 
distribution and a Gaussian 
distribution. 
an-?--" -c :..,,an-\ 
uuu "* A* u u u " . A A ,  . ck.,i-sq22re 
Meas. No.: ELL-2 Mean: 0 . 046 
Description: Thrurt Chamber Dame S. D. : 30.08 
Run No: SA1024 Skewne s s: 0.019 
Slice Time: 25-26 Kurtosis : 3 .ia 
Zone : 1-2 2.5%: 28 -8s 




















2 .61  
2 .43  













PSD vs. FREQ. 
Meas. No.: Ell-4 
Description: T h n m t  Chamber Dome 
Slice Time: 25-26 
Calib. Range: +SO G 




S. D. : 19 . 04 
-0.02 Skewness: 
3.91 Kurtosis: 

























GRMS vs. FREQ. 
heas. No.: E l l - 6  
1escriptio.n: Thrust Chamber Dome 
tun No: SA10 24 
ilice Time: 25-26 
Zalib. Range: +SO G 
5 one : 7 - 2  
- 
FIGURE B-3 
Mean: -0. ora 
S. D. : 6 . 3 8  
Kurtosis: . 3.05 
Chi-square: 19 -30  
2. 570: 26.12  
Skewne s s : -0 .030 
5%: 23.68  
PREDOMINANT FREQUENCIES 
FREQUENCY RMS AMPLITUDE FREQUENCY RMs AMPLITUDE 
2626 0 .a2 2611 0 .62  
570 0 .78  540 0 . 6 1  
58 5 0 . 7 3  2181 0 . 6 0  
2156 0 . 6 3  1085 0 . 5 9  
29 31 0 .63  2216 0 .58  
, 
,.I-. ... I 





vleas. No.: Ell-8 Mean: -0 . 042 
Description: Thruot Chamber Dome S. D. : 10.32 
tun No: SA1024 Skewne s s: 0.0028 
ilice Time: 25-26 Kurtosis: 3.04 
Zalib. Range: +50 G Chi-square: 7 -66 
Zone : 1-2 9 EM. 9z  ZL 
- 
L..a/u. - - 1 -  
























PSD vs. F R E Q .  G R ~  vs. F R E Q .  
Aeas. No.: ~12-1 Me an: -0.000002 
)escription: Turbine Gear Box S. D. : 45.45 
Skewne s s : 0.063 tun No: SA1024 
5 one : 1-1 2.591,: 28.85 
;lice Time: 31-32 Kurtosis: 2.67 
;alib. Range: 250 G Chi-square: 56.11 
5%: 26.30 

























-7 e.. I 
P S D  vs. F R E Q .  
4 
Meas. No.: E12-2 Mean: 0.10 
Description: Turbine Gem Box S. D. : 16 .50 
Run No: S A l O a  Skewne 8 s :  -0 . 019 
Slice Time: 47-48 Kurtosis: 2.94 
Calib. Range: +50 G Chi-square: 8.53 
Zur1e:: r-1 0 . a - m ;  15.s 
21.03 
- P M  
- __ - - - __ - - - -- -- 
PREDOMINANT FREQUENCIES 






















PSD vs. F R E Q .  
*.I- ‘a,.. I..” “.Da I..” 
GRMS vs. F R E Q .  
FIGURE B-6 
deas. No.: E12-3 
IescriPtion: T u r b i n e  Gear Box 
tun  No: SA10 24 
ilice Time: 31-32 -~ 




S. D. : 15 .50  
Skewness: 0 .020  
Kurtosis: 3.11 
Chi -Square : 13.26  
2.5%: 2 3 - 3 4  
5%: 21 .03  
PREDOMINANT FREQUENCIES 
FREQUENCY RMS AMPLITUDE FREQUENCY RMS AMPLITUDE 
1610 3 .33  2145 2.sa 
1930 2 .87  2125 2 . 2 0  
2045 3 . 3 1  2000 2 . 3 6  
2025 3 .24  2060 2 . 3 4  
2 .78  1075 2 .16  1980 
I,.... m ..I 






keas. No. : E12-4 
Iescription: Turbine GeU. BOX 
Lun No: SA1024 
;lice Time: 47-40 





S. D. : 16 -42 
Kurtosis: 2 -03 
Chi-square: 28-B4 
skewness: -0 . 0014 
2.5%:. J I Z b t  

























-PSD vs. F R E Q .  
....I .._.I ,,.I " S I .  . Ul.. 
%m vs. F R E Q .  
deas. No.: EX-5 Mean: 0.16 
Iescription: Turbine Gear Box S. D. : 20.5q 
tun  No: SA1024 Skewne s s : 0.013 
Cone : 1-1 2.570: 23.34 
5%: 21.03 
ilice Time: 31-32 Kurtosis: 2.86 
Zalib. Range: - + 50 G Chi - Squa r e : 16 e02 
~~ 
PREDOMINANT FREQUENCIES 

















PSD v s .  F R E Q .  GRMS vs. F R E Q .  
r 







PSD vs. F R E Q .  
MI.. =I... .... I l.." I.." 
GRMS vs. F R E Q .  
Xeas. No. : E 12-7 
Iescription: Turbine Oear Box  
kun No: sa024 
;lice Time: 31-32 
Zalib. Range: 2 50 (3 





S. D. : 15.00 
Kurtosis: 2 098 





























* W  
ma.- 
-. *., 
PSD vs. FREQ. 
FIGURE B-12 
Meas. No.: E 12-8 
Description: M i n e  Gear Box 
Run No: suo24 
Slice Time: 47-48 
Calib. Range: 2 50 0 
Zone : I-i 
Mean: 0.026 
S. I). : 18 034 
S kewne s s : 0.Q28 
Kurtosis: 3.01 
Chi-square: l 9 . g  
2.55: 23.5 













-. o m  
PSD vs. FREQ. G R ~  vs. FREQ. 
deas. No.: E33-1 
Iescription: Thrust Chamber Dome 
tun No: S A 1 0 a  
ilice Time: 25-26 






S. D. : 14.98 






FREQUENCY RMS AMPLITUDE FREQUENCY 
1274 1.52 1334 
1429 1.36 670 
994 1.33 1359 
600 1.31 510 









PSD vs. FREQ.  GRMS VS. F R E Q .  
42 
~ 
-0 17 Meas. No.: E33-3 Mean: 
45.73 Description: Thru8t Chamber Dame S. D. : 
Zun No: SA1024 Skewne 8s: 0.17 
Slice Time: 25-26 Kurtosis: 2.94 
Salib. Range: +50 G Chi-square: 64.92 
- -  -~ 5%: 28.87 
Zone: 1-2 2.5%: 51-53 
FIGURE 3-14 
_I 
PREQUENCY FWS AMPLITUDE 
665 4.24 
75s 4.15 
7 90 4.11 
1274 4.06 
1094 4.01 







PSD vs. FREQ.  
WI. 'U. "." "..I ,..I 
%MS vs. FREQ. 
Meas. No.: E33-5 Mean: -0.037 
Run No: Spa Skewne as: -0.026 
Descpiption: Thrust Chamber Dam@ S. D. : 50.64 
2.93 Slice Time: 25-26 Kurtosis: 
Calib. Range: +50 G Chi-square: 38.88 








48 5 4.58 
735 4.58 





I,.., n.0, 11.1. 
... 
-I .m . A 1 1 1  . 1>1.s 




Meas. No.: E33-7 
Description: Thru8t Chsaarbcr Dame 
Run No: 
Slice Time: 25-26 




S. D. : 33.45 




5 %  21-93 __ __. -~ 






















PSD vs. FREQ. 
Aeas. No.: E 105-11 
)escription: Spider Beam 
Lun No: SblM 
;lice Time: 40-13. 
Zalib. Range: 2 25 Q 





S. D. : 2 e32 
S ke wne s s: 0.0037 
Kurtosis: 3.06 
2.5%: 23*34 


























PSD vs. FREQ. 
. 
. 
deas. No.: EI.07-XL Mean: 0,081 
Iescription: Spider Beam S. D. : 4.60 
ilice Time: 55% Kurtosis: 2.6 
Zalib. Range: - + 25 0 Chi-square: UO@ 
2 . 5 %  31-53 !one: _73_  _________ 
5 %  28087 

























. .CIII. m 
PSD vs. FREQ.  
FIGURE B-18 
deas. No.: E 135-9 
le s cription: Shear Beam 
iun No: SA1024 
Slice Time: 46-47 
+ 30 0 Jalib. Range: 




Me an: 0.18 























-7 e. I 






deas. No. : E 136-9 Mean: 0.085 
)e scription: Shear Beam S. D. : 8.63 
ilice Time: 61-62 Kurtosis: 2.83 
2alib. Range: 5 30 G Chi-square : 18.97 
tun No: SA1024 Skewne s 6: 4.012 





















m r  01
PSD vs) FREQ. G R M  VS. FREQ. 
i 
vfeas. No.: E139-9 
lescription: Shear TOP 
Xun No: SA1024 
Slice Time: 40-41 
Zalib. Range: 9 G 
E one : 2-3 
Mean: -0.0070 
S. D. : 9.39 
Skewne s s: -0,QlZ 
Kurtosis: 3.06 



























PSD vs. F R E Q .  









Meas. NO.: E 140-9 Mean: -0.0023 
Description: Shear Beam Top S. D. : 6.95 
2un No: SA1024 Skewness: 0.12 
Slice Time: 4344 Kurtosis: 3.11, 
Salib. Range: 5 3 G Chi-square: 3-41 
2-1 2.3%: 23.34 Zone: 

























PSD vs. F R E Q .  
.,.. " A ,  &.." " 1 1 1  I,".. 




deas. No.: E270-9 
)e s c rip t ion: 
tun No: SA10 24 
3alib. Range: 2 20 G 
Zone: 3-1 
Distributor 9A3 
ilice Tim-e: 46-47 
FIGURE B-23 
Mean: 4.010 
S. D. : 4.36 




















PSD vs. F R E Q . ,  
. 
M e a s  No: L28-9 Mean: 0.000000 
Run No: SA1024 Ske wne s s: 0.22 
Slice Time: 47-48 Kurtosis: 7.79 
4 . 5 5 :  2 3 . 3 4  
5% 21.03 
Description: Sound Intensity, Sta. 171 S. D. : 0.017 
Calib. Range: 130-150 dB. Chi-square: 357.67 
- .__ - - _ _  . zone : 2 I 
F I G U R E  B-24 
PREDOMINANT FREQUENCIES 
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o m o r -  0 









































































































110.1. 81 - 041-2 I W  
1101.1 82 .03D-1  0.0 e. 
FIGURE B-82  FIGURE B-83  
61.301-4 81.302-4 
",Y .I__-. n.9 U . 9  *._I 
G m  VS. FREQo 
FIGURE B - 8 4  
t 
w u  .,.).. *.n n.9 %..9 
G ~ s  V8. FREQ. 
FIGURE B - 8 5  
1 1  81.304-4 I .,. 
%s VS. FREQ. 
FIGURE B-A7 
73 
,1111. L 81.305-4 I O  ,*..1* 1s. 81.306-8 0, I,. 
I.. 
... 
UI. I,.,.,., ,.U ,,_" 1..11 
GRMS vs. FREQ. 
FIGURE B-88 
74 
VS. FREQ. GRMS 
FIGURE B-91 
. 
I u .  I 81 - 309-8 .- ,I .o 81.310-8 *. 
"le4 U. I . .  *.I "_I **.I 
GR~S,S vs. F R E Q .  
FIGURE B-92 
81.311-8 
Y I I  .,., i,. *." **.I ,..I 
GRMS vs. F R E Q .  
FIGURE B-94 
YII. .1.111-1 "_I m . 1  1 1 . 1  
GRMS vs. F R E Q .  
FIGURE B-93 
Y I I  Y.nm.., Y _ I  ".I ,._I 
GRMS VS. F R E Q  
FIGURE B-95 75 
U,". .,.nI.., ,.... I,." 30.- 
GRMS vs.  F R E Q .  
FIGURE B-96 
76 
"111. 8.. DO,.., ....I w.11 11.11 
GRMSVS.  F R E Q  
FIGURE B-99 
. 
uu Y . Y . ,  " I  I.* *..#I 




".* ".#I *..I I t *  Y . I I  
GRMS VS. F R E Q .  
FIGURE B-101 
Y I I  ".Iu 1.1 ".* ,..- 
GRMS VS. F R E Q .  
FIGURE B-102 
1- m n  I*_I u.* ".*, 
G R ~  VS. F R E Q .  
FIGURE B-103 
77 
84.0016 I,.... 00 I,. 
"I,,. ...e, t l  11.1. I,.,. (D... 
GRMS vs . F R  EQ. 
FIGURE B-105 
- 
,,...I . *I "/ . 84.0026-4 
us*. .I m . 4  8, I. .I 00 I. w 







I. Data Acquisition and Data Reduction Systems Flow Charts  
XI. Hardwire Composite Vibration Levels 
a. Corrrposite Engine Vibrations 
b. Composite R & D  Vibration Levels  
III. Static Tes t  Measurement Discrepancies  
a. Hardwire 
b.. Te lemet ry  
7 9  
TABLE Ia. Telemetered Data Acquisition and Data 
Reduction Flow Char t  
1 Transducer  Transmi t te r  
I + 
Magnetic Tape Receiver  I 
Signal Conditioning 0-Graph Recorder  
1 I 
I Amplitude vs. Tim 
140 1 Printe-r 7094 Computer SC 4020 I 
J. ( RAVAN 




Zonal Statist ics Reformat  Meas.  Analysis 
. 
TABLE Ib. Hardwire  Data Acquisition and Data 
Reduction Flow Char t  
1 Amplifier Trans duc e r + I 
Signal Conditioning Tape Loop Magnetic Tape I 
I 1 
& Amplitude vs.  F r e  




COMPOSITE R &D VIBRATION LEVELS 




































0 . 5  
2 . 0  
0 . 9  
1 . 7  
0. 6 
0 . 9  
1 . 0  
1. 8 












































































0 0  n . .  
0 0 .  V I 1  
TABLE 11-b (Continuea) 
0-100 cps 
0 . 2  







































The values tabulated are the maximum obtained on either SA-23 o r  SA-24. 
TABLE I11 
STA.TIC TEST MEASUREMENT DISCREPA.NCIES 
MEASUR EME NT 
NUMBER 
E l l - 2  
E l l - 4  













































TABLE 111 (Continued) 
2. Transducer  separated from s t ruc ture ,  ineffective bonding. 






8 .  
9. 
10. 
Defective transducer connecting cable. 
Data a r e  presented for  comparisons although considered 
invalid. 
Data considered invalid. 
No data analysis plots available. 
Abnormally high amplitudes. 
Patching e r r o r .  
Deleted f rom test  SA1024. 
85 
T A B L E  IV. a 
I N S T R U M E N T A  TION-HAR DWIR E 
\ 
MEASUREMENT TRANSDUCER S Y S T E M  
NUMBER TYPE M O D E L  C A L I B R A T I O N  R E S P O N S E  
(CPS) 
8 1 . 0 4 1 - 1  Cub ic  2A507 50  G r m s  5000 
8 1 . 0 4 1 - 2  Cub ic  2A507 50 G r m s  5000 
81 .041-3  Cubic  2A507 50  G r m s  5000  
81. 041-4  Cub ic  2A507 50 G . rms  5000  
81. 041-5  Cubic  2A507 50 G r m s  5000 
81. 0 4 1 - 6  Cubic  2A507  50 G r m s  5000  
8 1 . 0 4 1 - 7  Cub ic  2A507 50 G r m s  5000 
81. 0 4 1 - 8  Cub ic  2A507 50  G r m s  5000 
82. 03A-1  Cubic  2A507 100  G r m s  5000 
8 2 . 0 3 A - 2  Cubic  2A507 100  G r m s  5000  
8 2 . 0 3 A - 3  Cubic  2A507 100 G r m s  5000 
82.  0 3 A - 4  Cubic  2A507 100  G r m s  5000 
8 2 . 0 3 A - 5  Cubic  2A507 100  G r m s  5000 
8 2 . 0 3 A - 6  Cub ic  2A507 100 G r m s  5000 
82. 03A-7  Cubic  2A507 100  G r m s  5000 
8 2 . 0 3 A - 8  Cubic  2A507 100 G r m s  5000 
82.  03D-1  C u b i c  2A507  100  G r m s  5000 
I 
82.  03D-2 Cubic  2A507 100  G r m s  5000 
86 






























Glenn i te 
Glennite 
G1 e nni t e 
Glennite 
Gle nni t e 
Glennite 
G1 e nn i t e 
Glennite 
Glennite 
Gle nn i t e 























































































MODEL CALIBRATION RESPONSE 
2A 507 










A 6- 15-350 






40 Grms  
5 Grms  
10 Grms  
5 Grms  
5 Grms  
5 Grms 
5 Grms  
5 Grms  
10 Grms  
10 Grms  
5 G r m s  
5 Grms 





75 Grms  
50 Grms  
20 Grms  






















TABLE IV. a (Continued) 
c MEASUREMENT TRANSDUCER SYSTEM 
NUMBER TYPE MODEL CALIBRATION RESPONSE 
!.=\C) 
c 84.0016 Gle nni t e A45U 1' Grms  5000 
84.0017 Glennite A45U 10 G r m s  5000 
84.0024-4 Statham A6- 15-350 ' 0  G r m s  100 
84.0026-4 Cubic 2A507 20 Grms  5000 
84.0027-4 Cubic 2A507 100 Grms  5000 
84.999 Cubic 2A507 75 G r m s  5000 
84.9991 Cubic 2A507 75 G r m s  5000 
86.32 Cubic 3A509 100 Grms  5000 
86.33 Cubic 3A509 100 G r m s  5000 
r\ 86.34 Cubic 3A509 100 Grms  5000 
88.011 Cubic 2A507 10 Grms  5000 
88.012 Cubic 2A507 10 Grms  5000 
88.013 Cubic 2A507 10 Grms  5000 






G1 e nni t e A 45U 20 G r m s  5000 
Glennite A45U 20 G r m s  5000 
Glennite A45U 20 G r m s  5000 
Glenni t e A 45U 20 G r m s  5000 


















G1 e nni t e 
Gle nnite 
Cubic 
S t a tham 







A 6 -  15-350 
A 6 -  15-350 
SYSTEM 
CALIBRA TION 











TABLE IV. b 
INSTR4JMENTATION-TELEMETRY 
c 
I E l l - 2  Gulton TA501UA + 50 G 2500 - 
Ell-4 Gulton TA501 UA + 50 G 2500 - 
Ell- 6 + 50 G 2500 - Gulton TA501UA 
E l l - 8  Gulton TA501UA 
Gulton TA501UA 
Gulton TA501UA 
+ 50 G 2 500 - 
E12-1 + 50 G 2500 - 
E12-2 + 50 G 2500 - 
E12-3 
E12-4 
Gulton TA501 UA + 50 G 2500 - 




Gulton TA501UA + 50 G 2 500 - 
Gulton TA501UA + 50 G 2500 - 
E12-7 
E12-8 
Gulton TA501UA + 50 G 2500 
+ 50 G 2500 
- 
- Gulton TA501UA 
E33-1 G1 e nni t e AT1289 + 50 G 2 500 - 
E33-3 Glennite AT1289 
Glenni te AT1289 
+ 50 G 2500 - 
E33-5 + 50 C 2 500 - 
E33-7 G1 e nnit e AT1289 + 50 G 2500 
+ 25 G 2500 - E105-11 Glennite AT1289 r 
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